Blomia tropicalis, Dermatophagoides pteronyssinus and D. farinae are prevalent house dust mites. Concanavalin A-binding components derived from B. tropicalis (Bt-ConA extract) are highly immunogenic in allergic diseases. The aim of the present study was to evaluate the humoral and cellular immune responses to B. tropicalis in mite-sensitized patients. A total of 137 patients with allergic rhinitis with/without asthma and 109 non-atopic subjects were selected and analyzed by the skin prick test, and for total serum IgE and specific IgE levels to both Bt-total and Bt-ConA extracts, their proliferative response and cytokine (IFN-γ and IL-5) production by peripheral blood mononuclear cells (PBMC) stimulated with both extracts. Skin prick test showed that 70% of the patients were sensitized to Bt (Bt+) and similar levels of specific IgE to Bt-total and Bt-ConA extracts were demonstrable in Bt+ patients. Significant PBMC proliferation was observed in response to Bt-total extract in Bt+, but not in Btpatients and non-atopic subjects (P < 0.001). Bt-ConA extract induced increased proliferative responses in all patient groups compared to medium alone (P < 0.05), but these responses were significantly decreased in the presence of the mannopyranoside ConA inhibitor (P < 0.05). Significant IFN-γ production was observed after Bt-ConA stimulation of Bt+ patients (P < 0.05), while Bt-total extract had no effect. IL-5 production was consistently detected in Bt+ patients after allergen-specific stimulation or with no stimulus, indicating that PBMC from allergic patients are prone to produce Th2 profile cytokines, spontaneously or inductively by allergen restimulation. These data showed that ConA-binding components isolated from B. tropicalis may contain relevant antigens that are involved in both humoral and cellular immune responses. However, without an additional purification procedure to eliminate the residual contamination with ConA, its use in immunotherapeutic procedures cannot be recommended.
Introduction
In tropical and subtropical climates, Blomia tropicalis (Bt), Dermatophagoides pteronyssinus (Dp) and D. farinae (Df) are prevalent house dust mites (HDMs) (1, 2) . HDMs have been recognized as important sources of allergens for the development of allergic diseases, particularly asthma and allergic rhinitis (3) . Sensitization to indoor allergens is the most important independent risk factor associated with asthma, and positive skin prick tests (SPT) or serum IgE R. Alves et al.
www.bjournal.com.br antibodies to HDMs are demonstrable in allergic patients (4) .
Glycosylated antigens play a crucial role in different pathologies and are highly immunogenic (5-7). Mannanrich glycosylated components derived from Candida albicans have been recognized by IgE antibodies in patients with allergic manifestations including asthma, rhinitis, and atopic dermatitis (8) . Recently, we reported IgE, IgG1 and IgG4 responses to B. tropicalis in patients with respiratory allergy using Bt-total extract and concanavalin A-binding components derived from B. tropicalis (Bt-ConA extract) (9) . The results of that study showed that these patients seem to be more frequently sensitized to B. tropicalis highmolecular weight (54-104 kDa) components, mostly present in Bt-ConA extract than to the low-molecular weight (11) (12) (13) (14) (15) allergens, which have been demonstrated primarily in other reports (10, 11) .
Several investigators have shown consistently in both human and mouse models that Th2 cytokines (IL-4, IL-5 and IL-13) are the main contributors to the development of allergic diseases by stimulating B cells to produce IgE antibodies, recruitment and activation of eosinophils, and mucus production. Interferon-γ (IFN-γ), a Th1 cytokine profile, acts in conjunction with Th2 cytokines to maintain chronic allergic inflammation (12) (13) (14) .
The aims of the present study were to evaluate the humoral and cellular immune responses to B. tropicalis in mite-sensitized patients by determining the levels of total serum IgE and specific IgE to Bt-total and Bt-ConA extracts, the proliferative response and the cytokine (IFN-γ and IL-5) production by peripheral blood mononuclear cells (PBMC) stimulated with both allergen extracts.
Subjects and Methods
A total of 137 patients (54 males and 83 females; mean age ± SD: 27.6 ± 9.4 years) with perennial allergic rhinitis with/without intermittent or persistent, mild-to-moderate asthma were selected for the study at the Allergy and Clinical Immunology Unit, Federal University of Uberlândia, Uberlândia, MG, Brazil, based on their history of respiratory symptoms related to house dust exposure and physical examination (15) (16) (17) . The presence of upper airway infections in the last 30 days prior to the study, the use of antihistaminic drugs earlier in the week, and the use of oral or topic corticosteroids in the previous 4 weeks were used as exclusion criteria. As the control group, 109 healthy subjects (37 males and 72 females; mean age ± SD: 31.1 ± 11.7 years), with no history of allergic diseases and a negative SPT to all aeroallergen extracts tested were included. The study was approved by the Ethics Committee in Human Research of the Federal University of Uberlândia and written informed consent was obtained from all participants.
Skin prick test and serum samples
All individuals underwent SPT with the following allergen extracts: mite (B. tropicalis, D. pteronyssinus and D. farinae) extracts prepared as described in Ref. 18 , and commercial extracts of cockroach (Blattella germanica and Periplaneta americana), molds (Cladosporium spp) and pet danders (Felis domesticus and Canis familiaris) obtained from IPI/ASAC Brasil, Brazil. A mean wheal 3 mm in diameter larger than the negative control (diluent) was considered to be positive. In parallel, blood samples (5 mL) were collected from all individuals and the serum was stored at -20°C.
Mite extracts
Total extracts of Bt, Dp, and Df were obtained from mite bodies and feces as described elsewhere (18) . Briefly, mite powder was triturated in liquid nitrogen and allergens were extracted in 5 mM borate-buffered saline containing protease inhibitors. After centrifugation (20,000 g for 45 min at 4°C), the supernatant was dialyzed and protein concentration was determined by the method of Lowry et al. (19) .
ConA-binding components from total extracts of B. tropicalis
ConA-binding components from the Bt-total extract were obtained by affinity chromatography using ConASepharose (Amersham Pharmacia Biotech, Sweden) as described (9) . After elution with 50 mM α-D-methylmannopyranoside (Ferro Pfanstiehl Laboratories Inc., USA), ConAbound (Bt-ConA) fractions were concentrated, dialyzed and the protein content was determined.
Measurement of specific IgE to B. tropicalis
Levels of specific IgE to B. tropicalis and its ConAbinding fractions were measured by ELISA as described (9) . Briefly, plates were coated with Bt-total or Bt-ConA extracts (1 µg/well), blocked with PBS containing 0.05% Tween 20 and 1% bovine serum albumin (PBST-BSA), and incubated with serum samples diluted 1:2 in PBST-BSA. After washing, plates were incubated with biotinylated anti-human IgE (Kierkegaard and Perry Lab., USA) and subsequently with streptavidin-peroxidase (Sigma, USA). The assay was developed with 10 mM 2,2'-azinobis-(3-ethyl-benzthiazoline) sulfonic acid (ABTS; Sigma, USA) and 0.03% H 2 O 2 . Absorbance was determined in a plate reader at 405 nm up to a maximum absorbance value of 1.5 for which the assay was linear in positive control Humoral and cellular immune responses to B. tropicalis www.bjournal.com.br sera. Antibody titers were reported as ELISA index (EI) and determined as follows: EI = absorbance test sample/ cutoff, where cutoff was calculated as the mean absorbance of 3 negative control sera plus 5 standard deviations, as described elsewhere (9) . EI values >1.2 were considered to be positive in order to exclude borderline reactivity values close to EI = 1.0.
Measurement of total serum IgE
Total serum IgE was measured with a monoclonal antibody-based ELISA (20) . Briefly, plates were coated with monoclonal anti-human IgE (1:5000; Sigma), blocked with PBST-BSA and subsequently incubated with serum (1:5, 1:50 and 1:500) and biotinylated goat anti-human IgE (1:4000). Subsequent steps were similar to specific IgE-ELISA. Results are reported as international units per milliliter (IU/mL) and calculated on the basis of a standard curve constructed with a reference serum that contained 3000 IU/mL of total IgE.
Cellular immune response
Twenty-six atopic patients with positive SPT to Bt, Dp, and Df (Bt+ group), 19 atopic patients with negative SPT to Bt, but positive SPT to Dp and Df (Bt-group), and 24 nonatopic subjects with negative SPT to all tested aeroallergens (NA group) were selected to evaluate the cellular immune response to B. tropicalis.
Proliferation assays
PBMC were freshly isolated from 30 mL heparinized blood samples by density gradient centrifugation over Ficoll-Hypaque solution (Amersham Pharmacia). PBMC were cultured in triplicate (2 x 10 5 cells/200 µL per well) in 96-well plates in RPMI 1640 medium supplemented with 10% human AB serum (Sigma) and stimulated with Bt-total (10 µg/mL) or Bt-ConA (5 µg/mL) extracts. Control cultures were incubated with medium alone, or mitogens (phytohemagglutinin (PHA) at 10 µg/mL or ConA at 5 µg/mL), or non-allergen control (tetanus toxoid (TT) at 10 µg/mL). Cells were incubated at 37°C and 5% CO 2 for 3 or 5 days when stimulated with mitogens or antigens, respectively. Cells were pulsed with 0.5 µCi/well of tritiated thymidine (New England Nuclear, USA) for the final 8 h of culture, harvested on glass fiber filters, and counted in a liquid scintillation ß-counter (Packard Tri-Carb 2100TR, USA) and results are reported as counts per minute (cpm).
Proliferative response in the presence of ConA inhibitor
To evaluate the interference of residual ConA in the BtConA extract on the proliferative response, PBMC were obtained from 14 patients (6 from Bt+ group, 4 from Btgroup and 4 from NA group) and cultured with stimuli as described above. In parallel, the Bt-ConA extract was added in the presence of a ConA inhibitor, α-D-methylmannopyranoside at 50 mM as previously established in preliminary experiments. As control, ConA mitogen was also added in the presence of the ConA inhibitor. All subsequent steps were performed as described above.
Cytokine production assays
PBMC (1 x 10 5 cells/250 µL per well) were cultured in 48-well plates and stimulated with allergen extracts (Bttotal and Bt-ConA), mitogens (PHA, ConA), non-allergen control (TT) or medium alone, at the same concentrations used for the proliferation assays. Supernatant solutions were collected from independent replicate wells after 3 and 7 days of culture, and stored in aliquots at -70°C until determination of cytokine levels. IFN-γ and IL-5 levels were measured in supernatants from cell cultures with an ELISA sandwich assay according to manufacturer instructions (R&D Systems, USA). The sensitivity of the assays was 7.8 pg/mL for IFN-γ and 11.7 pg/mL for IL-5. The intraand inter-assay coefficients of variations for these cytokines were below 10 and 15%, respectively.
Statistical analysis
Statistical analysis was performed using the GraphPad Prism 4.0 software (GraphPad Software, Inc., USA). Levels of total serum IgE and specific IgE to B. tropicalis were compared using the Kruskal-Wallis and the Dunn multiple comparison tests. Differences between proportions were analyzed by the chi-square test. Proliferation responses and cytokine levels were compared by the Kruskal-Wallis analysis. Differences were considered to be statistically significant when P < 0.05.
Results

Subject characteristics
The demographic and clinical characteristics of the study subjects are reported in Table 1 . Subjects were distributed into three groups according to SPT positivity to Bt-total extract: 1) Bt+ group: patients with positive SPT to Bt-total; 2) Bt-group: patients with negative SPT to Bt-total, but positive SPT to Dp and/or Df extract; 3) NA group: nonatopic subjects with negative SPT to all aeroallergens tested.
Rhinitis was the most frequent clinical diagnosis observed in both Bt+ and Bt-groups, with no significant difference between the groups. The mean wheal size to Dp extract was significantly larger in the Bt+ than the Btgroup, as well as in relation to Bt and Df extracts (P < 0.05), R. Alves et al.
www.bjournal.com.br although no significant difference was found in positive SPT results (90-100%). All NA subjects showed a negative SPT to mite extracts in addition to other aeroallergens tested (data not shown) according to the selection criteria used.
SPT to B. tropicalis, D. pteronyssinus and D. farinae
SPT results of 137 patients with allergic rhinitis with/ without asthma showed that 96 (70.1%) patients had positive SPT to B. tropicalis, 95 (69.4%) were simultaneously positive to 3 mites (Bt+/Dp+/Df+), and only 1 patient (0.7%) was positive to both Bt and Df extracts (Bt+/Dp-/Df+). No patient was monosensitized to B. tropicalis (Bt+/Dp-/Df-). On the other hand, of 41 (29.9%) patients with negative SPT to B. tropicalis, 37 (27%) were reactive to both Dp and Df extracts (Bt-/Dp+/Df+) and only 4 (2.9%) showed reactivity to Dp extract alone (Bt-/Dp+/Df-).
Levels of specific IgE to B. tropicalis and total serum IgE
Levels of specific IgE to both Bt-total and Bt-ConA extracts ( Figure 1A ) were significantly higher in the Bt+ group (EI = 1.73 and 1.20, respectively) than in the Btgroup (EI = 0.86 and 0.84, respectively) or the NA group (EI = 0.78 and 0.78, respectively; P < 0.001). From all Bt+ patients, 73% had specific serum IgE to Bt-total extract and 50% to Bt-ConA extract by ELISA, with a significant difference between the seropositivity rates (P = 0.0013). In contrast, Bt-patients and NA subjects had no serum IgE reactivity to either Bt-total or Bt-ConA extracts. Sera assayed in plates previously coated with Con-A (negative control for the Bt-ConA extract) did not show any reactivity, with EI values below 1.2 (data not shown).
Levels of total serum IgE measured by ELISA in Bt+ (196.2 IU/mL) and Bt-(105.8 IU/mL) atopic patients were significantly higher than those detected in non-atopic subjects (21.7 IU/mL; P < 0.001), but with no significant difference between the atopic patients (P > 0.05).
Proliferative responses
Bt-total allergen-induced cellular proliferative responses were significantly higher compared to negative control (medium alone) only for Bt+ patients, while Bt-ConA extract induced increased proliferative responses in all groups (P < 0.05; Figure 2 ). TT antigen-induced proliferative responses were significantly elevated for both groups of atopic patients (P < 0.05). Positive controls (PHA and Con-A) showed 30-to 50-fold higher proliferation rates in relation to medium alone (Figure 2, inset) . Comparing the groups, Bt-total extract induced a significantly higher proliferative response in Bt+ patients than in Bt-and NA subjects (P < 0.001). In contrast, BtConA showed significantly increased cellular response in the Bt+ group in relation to the NA group (P < 0.01). Both Bt+ and Bt-atopic patients showed significantly elevated proliferative responses after TT stimulation compared to NA subjects (P < 0.05).
Proliferative response in the presence of ConA inhibitor
The Bt-total extract again induced a significant proliferative response in Bt+ patients compared to medium alone, while the Bt-ConA extract once more induced increased proliferative responses in all groups (P < 0.05; Figure 3 ). However, in the presence of ConA inhibitor, the Bt-ConA extract-induced responses were significantly decreased (P < 0.05). When comparing the groups, only the Bt-total extract induced significantly increased proliferative responses in Bt+ patients compared to Bt-and NA subjects (P < 0.05). TT antigen-induced proliferative responses were also reproducible and significantly increased in both atopic patients (P < 0.05). Positive controls (PHA and ConA) showed significantly higher proliferation rates compared to medium while a sig- Figure 1 . Figure 1 . Figure 1 . Figure 1 . nificant decreased proliferative response was seen only for the ConA mitogen in the presence of its specific inhibitor (Figure 3, inset) .
Cytokine assays
No significant difference was observed in IFN-γ production after any stimulus among the patient groups, except for the Bt-ConA extract that significantly induced increased IFN-γ levels in Bt+ patients compared to medium alone (P < 0.05; Figure 4 ). Positive controls increased IFN-γ production significantly in relation to medium in all subject groups (P < 0.05; Figure 4 , inset). Figure 4 . IFN-γ levels in cell culture supernatants from 26 atopic patients with positive skin prick test (SPT) to Blomia tropicalis (Bt+), 19 atopic patients with negative SPT to B. tropicalis (Bt-) and 24 non-atopic (NA) subjects. Cells were stimulated with B. tropicalis total extract (Bt-total), or concanavalin A-binding fraction (Bt-ConA), or tetanus toxoid (TT) as non-allergen control. Positive and negative controls included mitogens (phytohemagglutinin, PHA or ConA) and medium alone, respectively (inset). Data are reported as means ± SD. *Significant differences in relation to medium alone (P < 0.05, Kruskal-Wallis and Dunn multiple comparison tests). The scales of the ordinates are logarithmic.
Humoral and cellular immune responses to B. tropicalis www.bjournal.com.br IL-5 levels were not significantly different after any stimulus in relation to medium alone, but significantly higher IL-5 levels were detected in the Bt+ patients compared to the NA subjects for any stimulus analyzed (P < 0.05; Figure  5 ). IL-5 levels were also significantly higher in Bt-patients after stimulation with the non-allergen control (TT) in relation to NA group (P < 0.01; Figure 5 ). As expected, positive controls increased IL-5 production significantly in relation to medium in all subject groups (P < 0.05; Figure 5 , inset).
Discussion
In the present study, we investigated the cellular and humoral immune responses to B. tropicalis allergens and their ConA-binding fractions in mite-sensitized patients. As expected, the great majority (70%) of patients with allergic rhinitis with/without asthma was sensitized to B. tropicalis, with nearly all patients (69%) presenting positive SPT concomitantly to the three mites (B. tropicalis, D. pteronyssinus, and D. farinae) and no patient was monosensitized to B. tropicalis. These results were similar to those of our previous studies carried out with another group of atopic patients from the same region (9, 18) , confirming the low sensitization to B. tropicalis only and that a concurrent sensitization seems to occur with the three mites, even though a need for previous sensitization to other mite allergens cannot be ruled out. Therefore, this concomitant sensitization has complicated the evaluation of the role of B. tropicalis in these patients, particularly in this geographic region in which these mites have commonly been found. In addition, the sensitization to Dermatophagoides spp seems to be a major mechanism in the pathogenesis of respiratory allergic diseases in Brazil.
Similar levels of specific IgE to Bt-total and Bt-ConA extracts were found among Bt+ patients, supporting our previous reports (9) that Bt-ConA extract contains clinically relevant allergens responsible for the induction of IgE antibodies. In addition, patients non-sensitized to B. tropicalis or non-atopic subjects showed no reactivity to both extracts, confirming the high specificity of the assay. Despite the similar levels of specific IgE, seropositivity rates to Bt-total and Bt-ConA extracts were significantly different, indicating that the glycosylated components are not uniformly recognized by atopic patients and that the fractionation of the total extract could have contributed to the lack of some relevant sensitizing epitopes. As expected, the total serum IgE levels were found in both groups of atopic patients, regardless of the mite sensitizing agents, B. tropicalis and/or Dermatophagoides spp. Thus, despite the detection of total serum IgE, which is not able to discriminate among different atopic patients, IgE has been Figure 5 . Figure 5 . Figure 5 . Figure 5 . Figure 5 . IL-5 levels in cell culture supernatants from 26 atopic patients with positive skin prick test (SPT) to Blomia tropicalis (Bt+), 19 atopic patients with negative SPT to B. tropicalis (Bt-) and 24 non-atopic (NA) subjects. Cells were stimulated with B. tropicalis total extract (Bt-total), or concanavalin A-binding fraction (Bt-ConA), or tetanus toxoid (TT) as non-allergen control. Positive and negative controls included mitogens (phytohemagglutinin, PHA or ConA) and medium alone, respectively (inset). Data are reported as means ± SD. *P < 0.05 for comparisons between the groups for each stimulus. + Significant differences in relation to medium alone (P < 0.05, Kruskal-Wallis and Dunn multiple comparison tests). The scales of the ordinates are logarithmic. shown to be a useful laboratory parameter for differentiating atopic from non-atopic subjects. Taken together, ELISA for the detection of B. tropicalis-specific IgE antibodies and IgG subclasses might be used to obtain consistent and reproducible results and it can be considered as an additional method for evaluating the humoral immune response to B. tropicalis in allergic patients.
Significant PBMC proliferation, a measure of the cellular immune response, was observed in response to Bttotal allergen extract in B. tropicalis-sensitized (Bt+), but not in non-sensitized (Bt-) patients and non-atopic individuals. This indicates that the allergic response involves not only specific IgE production to allergens with histamine release, but also cellular proliferation, particularly of allergen-specific T lymphocytes and cytokine secretion (21) . In contrast, the Bt-ConA allergen extract induced increased proliferative responses in all groups of patients, even though significantly only in Bt+ atopic patients compared to non-atopic subjects. These findings suggest a role for mannose-enriched glycosylated components present in this extract, as potential inducers of the cell proliferation. Alternatively, these data could reflect a residual effect of ConA present in the Bt-ConA extract. To clarify this latter hypothesis, cellular proliferation assays using Bt-ConA in the presence of specific ConA inhibitor showed that these responses were significantly decreased, reinforcing the presence of ConA residues in the Bt-ConA extract. It is noteworthy that the Bt-ConA extract was probed with polyclonal mouse anti-ConA antibodies in ELISA and no specific reactivity was observed (data not shown). Therefore, further studies are required for improving the ConA-Sepharose column cross-linking in order to remove residual ConA and subsequently to evaluate the actual role of these mannose-enriched glycosylated antigens.
Little is known about the cellular immune response to B. tropicalis. Recently, Lozano et al. (22) evaluated the PBMC proliferative response to Bt allergen extract and BtM recombinant protein, demonstrating that recombinant allergens are also able to induce cellular immune responses similar to native allergen-induced responses, with potential applications in immunotherapeutic procedures. In the present study, a significant IFN-γ production, a Th1 typical cytokine, was observed only after Bt-ConA stimulation in B. tropicalis-sensitized patients while Bt-total allergen extract showed no significant change in this cytokine production. On the other hand, significant IL-5 production, a Th2 typical cytokine, was consistently seen in B. tropicalis allergic patients under specific allergen stimulation (Bttotal and Bt-ConA) as well as unrelated antigen (TT) and even with no stimulus (medium alone), indicating that PBMC from allergic patients are prone to produce Th2 profile cytokines, spontaneously or inductively by allergen restimulation. In our previous study (9) , Bt-ConA extract components were recognized by specific IgG1 antibodies (Th1 profile) rather than IgG4 antibodies (Th2 profile) in serum samples from B. tropicalis-sensitized patients, probably reflecting its ability to induce a protective immune response through the development of Th1 cells. Altogether, it can be concluded that ConA-binding components isolated from B. tropicalis may contain relevant antigens that are involved in both humoral and cellular immune responses. However, without an additional purification procedure to eliminate the residual contamination with ConA, its use in immunotherapeutic procedures cannot be recommended.
